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The invention relates to a process for the 
preparation of a modified hydrocarbon poller by treaty 
the poller with 0.001-2* by weight, based on the poller, 
of an organic sulphonyl azide at a te.perature of between 
115°C and 250°C 

It is kno«n «• - hydrocarbon poly-era Including 
elB .l.» polylsoprene. polybutadlene and atyren.-butadlene 
rubber, but particularly polypropylene and polylsobutylene. 
«n be modified by heating -1th a monosulphonyl szide 
„aving the formula KSO.H,. -herein > repreaenta an organic 
„„lc.l. AS modifying agent »-carbo*y benzene sulphonyl 
azide (I.e. 5-azido sulphonyl benzoic add) »T be used. 
Th e amount of azide used may vary from 0.001 to 20* by 
.eight, based on the poller to be modified. The sulphonyl 
szlde ma, be admixed -ith the polymer in the solid state by 
„ea»s of a conventional rubber mill or In the form of a 
solution. The .edification process is carried out by heat- 
ipg the resulting mixture to a temperature at -bich the 
sulphonyl azide decomposes, -hlch temperature may be fro- 
9 0°0 to JOO'C. For exnmple, polypropylene is modified by 
hlending it -1th 2*. based on the -eight of the polymer. 
of ^-pyridine sulphonyl azide and heating the resulting 

«t- mo°C The object of the known 
mixture for 2 hours at 150 C. 

„ethod of mcdlflcaclon is to prepare products having an 
improved dyeablllty. emulsifl.blllty end adhesion to 
other materials. 
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f~ It has been found that hydrocarbon polymers are 

improved also In different respects (e.g. with respect to 
the green stiength) by using as sulphonyl azlde a silyl- 
ester of an organic sulphonyl azide with at least one 
5 carboxyl group. 

Now, in accordance with the invention a process is 
provided, which comprises adding to a hydrocarbon polymer 
0.001 - 20£ by weight - based cr. the polymer - cf a 
silylester of an organic sulphonyl azide with at least one 
10 carboxyl group, then hydrolyzing the silylester and heating 

the mixture at a temperature of between 115°C and 250°C. 
The silylesters are new compounds. The invention also 
relates to silylesters of organic sulphonyl azides with at 
least one carboxyl group and a process of preparing such 
15 esters • 

The silylester should be admixed with the polymer 
at a temperature which is below the temperature at which 
the ester decomposes. It is preferred that the silylester 
is admixed with the polymer at a temperature below 130°C, 
20 particularly below 120°C. The addition of the silylester 

to the polymer at a temperature below 130°C is called 
hereinafter briefly "step A". The heating of the mixture 
at a temperature of between 115°C and 250°C is called 
hereinafter briefly "step B". 
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The sllylesters of sulphonyl .tides «lth at 
Xe.sc one carboxyl group to be used according to the 
Invention «y have »ore than one .zldosulphonyl group, 
hut ester, contains only one .zldosulphonyl group are 
preterm. The sllylesters »ay he represented hy the 
general ferula <N 3S 0 2 ) n -A-<C(0)On) n . "herein A is an 
organic group, for exa-ple a phenylene group. B Is 

-n and n represent integers 
hydrogen or a silyl group, and a and n r p 

^ .wiv l at least one R being a silyl 
from 1 to 3, preferably 1. at leas 

^ p« is an organic group, x is 1, 

group (-SiH x R' , wherein R is an o b, 

.« „ 2 or 3. preferably 3, so that 
preferably 0, and y is 2 or p, p^ 

x + y - 5). 

the sllylesters s»y be derived from aliphatic 
sulphonyl asides containing at least one csrboxyl group, 
such as the ,-azldosulphonyl butyric acid trl»ethyl sllyl- 
ester. Preference Is given, however, to sllylesters of 
sronat,c -zldosulphonyl carboxy compounds having the above 
for-ula. in which A represents an aromatic group, such as a 
phenylene. tolylene or a M phthalene group. The silyl- 
esters »ay. for example, be derived fro. >-azldosulphonyl 
benzoic acid. j-azldosulphonyl-o-hydroxy benzoic acid. 
3 .az.dosul P honyl-6-chlorobenzolc acid. A-azldosulphonyl- 
phenoxy acetic acid. 4-srldo.ulphonyl benzene-1.2-dl- 
carboxyllc acid. 5 -.zldosulphonyl-n.phthslene-l- 
carboxylic acid. ,-.zldosulphonyl-*-neopent,l benzoic 
acid and 3 -.zldosulphonyl-A-ethyl benzoic acid. 



Good results are obtained with >azidosulphonyl benzoic 
acid trlmethyl silylester. 

The esters can be prepared by sllylatlon of azido- 
siilphonyl carboxy compounds. By sllylatlon Is generally 
meant the addition of an crganosilyl group (-SiH 0-1 R* 5 _ 2 ) , 
in parti oular a trlmethyl sllyl group, to organic compounds 
Known sllylatlng agents are. for example, hexamethyl di- 
sllazane, K-trisethyl sllyl dimethyl amine, bls(trimethyl- 
silyDacetamide, bis(trimethylsilyl)trif luoro acetamide, 
dimethyl chlorosilane, tetramethyl disilazane, bromomethyl 
dimethyl chlorosilane, chloromethyl dimethyl chlorosilane, 
bis (chloromethyl) tetramethyl disilazane and N- trlmethyl 
sllyl acetamide. Trlmethyl chlorosilane is preferred, a 
tertiary amine, such as triethyl amine or pyi-idine, being 
generally also present to bind the HC1 split off . The 
reaction proceeds, for example, according to the following 
reaction scheme : 

<Q^C(0)OH + (CH^SiCl Pyg£ n *> <Q)-C(0)0-S1(CH 3 ) 

SO S0 2 
I 2 I 2 

Examples of azidosulphonyl carboxy compounds which can be 
silylated according to the Invention have been mentioned 
hereinbefore. 



Suitable conditions for the silylation reaction 
are: approximately stoichiometric (equimolar) ratios 
between sllylating agent and carboxyl groups of the azldo- 
sulphonyl compound; the tertiary amine in a quantity which 
is approximately equivalent to the quantity of any hydrogen 
chloride spilt off; reaction temperatures of between -55°C 
and 110°C, preferably between 5°C and 80°C; an anhydrous 
reaction medium; as solvents, for example, toluene, xylene, 
diethyl ether or carbon disulphide. Since the reaction is 
exothermic, it is desirable for the reaction temperature to 
be maintained at the desired level by cooling. The precipi- 
tated amlne/hCl salt may be filtered off after completion of 
the reaction and the solvent may be distilled off. If 
desired, it Is also possible to use the silylester solution 
as such. 

When used in the modification of hydrocarbon polymers 
the silylester is preferably in a solution containing 
0.001-2056 by weight (based on polymer) of the silylester. 
A quantity of 0.01-5* *>y weight, in particular 0.05-0. 5% 
by weight, of the silylester is preferred. These preferred 
quantities are especially used in the modification of a 
dlene polymer as a hydrocarbon polymer. The concentration 
of the silylester in the solution may vary between 1 and 
90* by weight, in particular between 20 and 60* by weight. 
Suitable solvents for this solution are those mentioned 
above as used in the preparation of esters. Particularly 
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suitable solvents for the invention are aliphatic 

hy drocarbons. such i-pentar.e, n-hexane. iso-octane. 

cosine, lubricating oil fractions, especially when 

diene pollers dissolved in aliphatic hydrocarbon., are 

modified, in this case it is also possible simply to 

dissolve the sllylester in the solution of the diene 

poller itself; the ester is very easily soluble therein. 

v. ~ ^n-mprs which can be modified 
The hydrocarbon polymers 

.cochin* to the invention. mr be saturated or unsaturated, 
crystalline or amorphous, linear or branched. E*a»ples of 
suitable atartme pollers ere polyethylene, polypropylene, 
copolymers or ethylene and prcpyiene. polystyrene an, poly- 
isobutene. 

The invention is particularly iuportant for 
pollers of conjugated dienes, such as polybutndiene, 
cis-l,4-polyisoprene and styrene/butadiene random co- 
polymer. Preferably the sllylester is added to a cement, 
, e a solution of the polymer in apolar solvents. The 
mention can be applied very successfully to isoprene 
rubbers prepared with a lithium hydrocarbyl or 
initiator. the LVN (limiting viscosity number) of which 
is 2-8 dl/g (measured in toluene at 30°C). 

It is particularly with polymers of conjugated 
dienes that modification according to the invention 
presents great advantages, in particular when a polymer 
solution is mixed with the sllylester solution. 
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in the first place the amount of energy required for 
blending is much smaller than when the carboxy- sulphonyl 
azide compound is blended in the melt with the polymer. 
Further, however, blending may be effected at a lower 
temperature. This combined with the fact that no or only 
a few shear stresses are exercised on the polymer results 
in no or hardly any polymer degradation talcing place. 

It haa been found that vulcanizable, sulphur- 
containing compositions based on a conjugated diene polymer 
modified according to the invention possess substantially 
lni proved mechanical properties (green strength). By 
-vulcanizable composition" is meant the composition in 
which all the ingredients required or desired for vulcan- 
ization are present and which accordingly is ready to be 
vulcanized. By "sulphur-containing composition" is under, 
stood a composition which, based on the polymer, contains 
at least 0.5* by weight of free sulphur or sulphur-yielding 
vulcanization accelerator. The contemplated compositions 
preferably also contain an oxide and/or salt of a divalent 
-tal (such as, for example, zinc cxide, lead oxide, zinc 
stearate. lead stearate or combinations of the said oxides 
with stearic acid). Moreover, other additives, in 

. ^ fniors may be present, if desired, 

particular reinforcing fillers, may u y 

If reinforcing fillers are used, the mechanical 

properties of the vulcanizable compositions have optimum 

values if all of these fillers and all of the said other 
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dl ene poller o-.talned m st p C »pe«- 
. Q _ heen completed, ^ne 

tur e preferably — "~ 10 ° mi „ 1. 

b e preferred, -eve. that ^ =f ^ . uyl . 

— * Lperature hel- »0=C - 

este r »lth the PO^« » Tn these wa lt ,s 

<"* *— ' 1SO d ; r Tt I sulphur is only h—ed — 
essential, however, that b « n co „ pl et«d, 

th . modified dlene ^ - ~ _ 

fhoruiS e vulcanization woua 
b ecause otherwise ^ u „ . t e„perature 

maturely. »saln. » 15 P 14 the acceler-. 

„ tor 15 added -;-;7 ivalent nctals are preferably onl, 
oxides and/or salts or B ^ 

„ , he modified dlene polymer ar. 

.landed with the ^ ^ ^ ^ ^ ^ ^ ^ been 

C ""Tln J presence' of a reinforcing nller and 
earned out the P ^ ^ ^ Jf the 

s „« more asld. «. ^ ^ „ the final 

reinforcing fl"* r h favourable green 

vulonnlzable compositions still 

strength. 

^Htv (for example 
„ desired, a smell quantity ( 

„„ P er 100 parts by -eight of the 
'- 10 "Tymrrlo te modlfied. of a process!, oil 

5 r:: zihi ^ — — «*- — 
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step A. It is also possible to carry out step A in the 
presence of other additives, such as Tor example anti- 
oxidants, antl-ozonants, pigments and non-reinf orcing 
fillers, provided that these substances do not react too 
strongly with the azide or the decomposition product there- 
of during step A and/or step B. If it is desired to use 
extender oils, which are usually incorporated in rela- 
tively large quantities, they are in general only added 
on completion of step B. 

As explained hereinbefore, the silylester can be 
blended with solutions of the polymer. It is also possible 
to blend molten polymer with a silylester solution at a 
temperature of below 150°C. 

According to another method, a solid polymer, for 
example in the form of a yarn or fabric, can be wetted 
with the silylester - if it is liquid - or else with a 
solution of the silylester. so that only the surface is 
treated. The temperatures used are preferably as low as 
possible, such as room temperature. 

After the hydrocarbon polymer has been contacted 
with the silylester solution, the ester is hydrolyzed. 
This may be effected by means of moisture which is already 
present, for example, in the mixture of dissolved polymer 
and silylester. In the reaction, which already proceeds 
at room temperature, an organic azidosulphonyl carboxylic 
acid is formed, a disiloxane being split off, which acid 



has the formula (N^SO^ ) m -A- (C (0)0H) n , wherein A , m and 
n have the above meaning. In the .case of a mixture of 
dissolved polymer and sllyle^ter, It is advantageous to 
combine the removal of the solvent with the hydrolysis 
by steam-stripping the mixture. Fabrics and yarns which 
are impregnated with the sllylester (solution) can also 
be steam-treated to hydrolyze the ester, for example at 
105°C, provided that the polymer has still sufficient 
stability of shape at this temperature. 

After hydrolysis the temperature of the polymer, 
which is mostly still wet, is raised to a value of 
between 115°C and 250°C (step B) . The azidosulphonyl 
group then reacts with the hydrocarbon polymer, nitrogen 
being split off. The azidosulphonyl group reacts within 
a short time at a relatively low temperature with (diene) 
polymer double bonds still present. At temperatures of 
below 200°C. preferably between 135°C and l60°C, the re- 
action with a diene polymer is mostly completed within 
15 minutes, such as between 0.5 and 10 minutes. With 
saturated polymers such as polypropylene, the reaction 
proceeds slower, for example, 2 days at 115°C, 5 hours 
at 150°C or more than 15 minutes at l60°C. If desired, 
step B and the hydrolyzing step may be combined. 




EXAMPLE I 



To a solution of 3-azidosulphonyl benzoic acid 
and . 1-equivalent of pyridine (based on acid) in dry 
diethyl ether a quantity of 1. 1-equivalent (based on acid) 
5 of trimethyl silylchloride was added at room temperature 

with the exclusion of moisture (nitrogen atmosphere). 
After 1.5 hours 1 stirring at room temperature the re- 
sultant pyridine/HCl-salt was filtered off with the 
exclusion of moisture*. 

10 The filtrate was concentrated under nitrogen at 

reduced pressure to evaporate ether, pyridine and tri- 
methyl silylchloride. A colourless oil remained which 
- according to infrared spectrum analysis - consisted of 
substantially pure trimethyl silylester of 3-azido- 

15 sulphonyl benzoic acid. (Any traces of unreacted acid 

may be removed by incorporating the oil in pentane or 
hexane and filtering off the acid insoluble therein). 
The infrared spectrum of the ester was fully identical 
with the envisaged structure (no OH-absorption, a strong 

20 azide absorption at 2119 cm"" 1 and a strong C=0-absorption 

at 1690 cm" 1 ). As an additional proof of the structure 
the e3ter was treated with water at room tempera ture, and 
3-azidosulphonyl benzoic acid was recovered, which is 
evidenced by (a) the melting point (122-125°C with de- 

25 composition), (b) the mixed-melting point with authentic 

acid (122-125°C with decomposition), and (c) the infrared 



spectrum of the hydrolysis' produce which was Identical 
with that of pure 2-azidosulphonyl benzoic acid (0H- 
absorptlon at 2800-2300 cm" 1 , O0-absorptlon at 1665 cm* 
and azido absorption at 2125 cm -1 ). 

The sllylester was soluble in pentane, hexane, 
benzene, amylenes (isopentenes) » diethyl ether and chloro- 
form. On the other hand, thA acid was Insoluble in satu- 
rated and unsaturated hydrocarbon solvents. 

EXAMPLE II 

(a) The starting material was 75* by wt solution of 
polyisoprene with an LNV of 7-0 dl/g in amylenes. substan- 
tially consisting of an isopentene/isopentane/n-pentane 
mixture. To this solution various quantities (see Table) 
of 50 # by weight solution of the trimethyl sllylester of 
3-azidosuiphonyl benzoic acid were added at J»0°C, where- 
upon the mixture was stirred at this temperature for 

0.5 hours. The solvents were subsequently removed by 
stripping with steam at 100°C for 0.5 hours, whereupon 
the wet rubber was dried in vacuo at 40°C for 20 hours. 
The dry rubber was then heated at 150°C for 5 minutes. 

(b) From the resultant modified polyisoprene rubbers 
vulcanizable compositions were then prepared on a 
Schwabenthan mill at 65°C and a millLing time of 

18 minutes according to the follow!: g recipe: 



100 parts by wcicht 
50 " 



5 fi n 

^ n h 

4 n « 

2.25 " 

0.9 " 



Polymer 

HAF carbon black 
ZnO 

Stearic acid 
Flectol H (a) 
Santo flex 13 (b) 
Dutrex 729 HP (c) 
Sulphur 
Santocurc (d) 

(a) Trade mark for polymerized trimethyldihydro- 
quinoline 

( b ) Trade mark for N-l , Methyl buryl-N • -phenyl- 
paraphcnylened iamxne 

(c) Trade mark for an aromatic processing oil 

(d ) Trade mark for N^yclohc* l-2-benzothia=ole 
sulp ncnc am ide * 

The cc.po.Mlc. -ore s»b.cooe«l,r h«.««. i» * 

«fl* a, for 5 *«"*- ""^ 

X option « bee* » — "« ""~ i " ed - 

The results sr. show, in Che follo-i»8 "He. 



Experl- SI lyl ester Vulcanlzable composition LVNjdl/g) 

ment parts by wt/ tensl i e elongation nodlflea 

100 parts of stre ngth at break. rubber 

polylsoprene icn/sq.o f> 



(a) for 

compari- ?6o 6.8 

son ° J -- > ' 

D 0.10 920 10*0 5.9 

2) 0.15 1*20 950 6.8 

5) 0.20 1*20 62 5 6 ' 8 



EXAMPLE III 

To 300 litres of an 18* by weight solution or poly- 
lsoprene (prepared with sec. butyl lithium as initiator, 
LVN 6.5 dl/g) in amylenes a quantity of 76 g of the tri- 
methyl silylester of 3-azidosulphonyl benzoic acid, as a 
50* by weight solution in amylenes, was added (i.e. 0.2* 
by weight based on polylsoprene). After 1 hour's stirring 
the solvent was removed by means of steam (100°C, 
0.5 hours). The wet rubber crumbs were fed to a F0MMC0 
extruder. The temperature of the initial section was 
120°C and that of the end section 150°C. (Like all ex- 
truders, e FOMMC0 extruder is provided with one or more 
kneading screws. The barrel in which the screws rotate is 
provided with a number of slits which facilitate the 
removal of water and solvent. The dried rubber is ex- 
truded from the die head of the machine.) From the 
resultant dry rubber (300 g) a vulcanlzable composition ^ 
£ was prepared according to the above recipe on a Troester^ 
mill at 65°C (lB minutes). 



r 



- 10 - 



For comparison the xperiment was repeated 
without the use of the trimethyl silylester or >azido- 
sulphonyl benzoic acid. 



Experiment 



LVN of modified 
rubber (dl/g) 



Vulcanizable composition 



tensile 

strength 

kN/sq.m) 



elongation 
at break $ 



4) with 
10 silylester 

(b) without 
-silylester 



4.0 
5.7 



1440 



245 



1045 



840 



THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS : 

1. A pr c ss for preparing a modified hydrocarbon polym r, which c a. 
prises adding to the polymer 0.001-20* by weight - based on the polymer - of 
a silylester of an rganic sulphonyl azide with at least one carboxyl group, 
then hydrolyzing the ester and heating the mixture at a temperature of between 
11S*C and 2S0*C. 

2. A process as claimed in claim 1, in which the silylester is admixed 
with the polymer at a temperature below 130 *C. 

3. a process as claimed in claim 1, in which the silylester is admixed 
with the polymer at a temperature below 120*C. 

4. A process as claimed in claim 1, in which use is made of a silyl- 
ester of the formula (N 3 S0 2 ) m -A-(C(0)OR) n . wherein A is an organic group. R 
is hydrogen or a silyl group, and m and n represent integer from 1 to 3, at 
least one R being a silyl group. 

S m A process as claimed in claim 4, in which A is an aromatic group, 

6. A process as claimed in claim 4 or S, in which m and n are 1. 

7. A process as claimed in claim 4, in which the silylester used is the 
trimethyl silylester of 3-azido-sulphonyl benzoic acid. 

8. A process as claimed in claim 1, 2 or 4, in which the silylester is 
used as a solution. 

9^ A process as claimed in claim 1, in which the hydrocarbon polymer 

is a polymer of a conjugated diene. 

10. A process as claimed in claim 9, in which the hydrocarbon polymer is 
an isoprene rubber with an LVN between 2 and 8 dl/g. 

11. A process as claimed in claim 9 or 10, in which the silylester is 
admixed with a solution of the polymer. 

17 
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., . i 2 or 4. in which the silylest r is 

12 A process as claimed in claim 1 . i or 

■ r „f o 0<-S* by w ight (based on the polymer), 
used in a quantity of 0.0.-5* oy w * K 

X P roc. SS - Ci.- in , " «. in which the ,i.y.e«„ i, 

i. . ,u~li,y Of O.OS-O.St * w.i t hc (h.^ - po.,-0. 

. „oc i» cu,. !.»««. «< - . 

. «-h *» Birturc with simultaneous xeooval 

silylester is effected by stea.-stnppmg the mixture 

of any solvent present.. 

i m «l in claim 9 or 10. in which the mixture is heated 
IS. A process as claimed in claim » 

at a temperature of between ISS'C and 160«C. 

A modified hydrocarbon polymer whenever obtained by a process as 
claimed in claim 1. 2 or 4. 
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